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he Prognostic Accuracy
f Coronary Calcification*
lan D. Guerci, MD, FACC
oslyn, New York
n this issue of the Journal, Budoff et al. (1) report the
elationship of calcified coronary plaque to all-cause mor-
ality in 25,253 asymptomatic middle-age men and women
ollowed up for an average of 6.8 years. Their findings fall
nto 3 categories:
. The coronary calcium score predicted all-cause mortality.
. The coronary calcium score predicted all-cause mortal-
ity more accurately than standard coronary artery disease
(CAD) risk factors.
. Calcium score-specific mortality was similar in this
cohort (from California) and a cohort of 10,377 asymp-
tomatic middle-age men and women from Tennessee
(2); hence, the results of this study are generalizable.
See page 1860
That the coronary calcium score predicted all-cause
ortality in this study is important and indisputable. It is
mportant because it circumvents arguments about the
alidity of CAD end points used in prior studies of electron
eam computed tomography (CT) scanning. It is indisput-
ble because of the overwhelming strength of association
etween coronary calcification and death. The chi-square
alue linking the calcium score and mortality was 82 after
djustment for age and standard CAD risk factors. In
eeping with natural history studies based on coronary
ngiography (3), mortality rates increased as a function of
he number of diseased (i.e., calcified) vessels. This relation-
hip was so strong that it applied to mildly as well as heavily
alcified vessels (calcium scores of 10 to 100 and 100,
espectively). Finally, in univariate analysis and in terms
ore familiar to the clinician, the calcium score predicted
ll-cause mortality with an area under the receiver-operator
haracteristic (ROC) curve of 0.81. Given that standard
AD risk factors predict nonfatal myocardial infarction and
oronary death with an area under the ROC curve of around
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or thet
merican College of Cardiology.
From St. Francis Hospital, Roslyn, New York..75 (4,5), more accurate prediction of all-cause mortality
ith electron beam CT scanning is astonishing. Is it real?
The answer to this question is yes, especially in an
ntermediate- to high-risk population. The reason for this
ualification is that, in very round numbers, atherosclerotic
ardiovascular disease (ASCVD) currently accounts for about
3% of deaths in the U.S. (6). If the coronary calcium score
redicted all of these deaths correctly and was completely
nrelated to all other deaths (area under the ROC curve of 0.50
or non-ASCVD deaths), then the area under the ROC curve
or all-cause mortality would be 0.667 (0.333  [0.5 
.667]). A higher area under the curve must be the result of a
ubstantially higher incidence of ASCVD deaths, some rela-
ionship between coronary calcification and non-ASCVD
eaths, or both. There is a link between coronary calcification
nd a host of non-ASCVD deaths (cancer, degenerative
eurologic diseases, etc.), namely, age, so “both” is probably the
xplanation for the high ROC curve area.
The second major finding is that the coronary calcium
core predicted all-cause mortality more accurately than
tandard CAD risk factors. The basis for this conclusion is
hat the area under the ROC curve was 0.76  0.02 after
djustment for risk factors, whereas the area under the ROC
urve was only 0.61  0.03 for risk factors (p  0.0001).
gain, a discerning reader must ask whether it is real.
This question has several components, the first of which
s whether CAD risk factors predict all-cause mortality.
his would be quite an accomplishment, given that two-
hirds of Americans currently die of causes other than
SCVD. Nevertheless, several studies have found a rela-
ionship between risk factors and all-cause mortality (7). In
brief literature search on this subject, I was unable to find
ny studies that reported this relationship in terms of ROC
urve areas. This failure is probably just as well, because, for
he reasons cited in paragraph 3, the ROC curve area would
ary as a function of the CAD risk profile of the population
tudied. Thus, it is impossible to say that CAD risk factors
redict all-cause mortality with an ROC curve area of X, let
lone to use X as a basis for comparison with values obtained
n this study.
What remains is the observation that the calcium score
redicted all-cause mortality independently of self-reported
isk factors. The use of self-reported risk factors is contro-
ersial because errors degrade standard test performance
ore than the performance of an alternative test based on
irect measurement, in this case, the calcium score. How-
ver, studies of self-reported risk factors indicate a high
egree of accuracy in educated populations (8,9). Reduction
f the risk factor ROC curve area because of reporting errors
s therefore probably modest. A more serious confounder is
he treatment of hypertension and hypercholesterolemia. At
he same time, the administration of aspirin and more
igorous treatment of elevated lipid levels because of high
oronary calcium scores also likely diminishes the prognos-
ic accuracy of the calcified plaque (10). Thus, the adjusted
c
f
s
t
d
s
p
0
t
f
r
1
s
a
f
s
t
y
o
(
n
4
c
b
F
s
B
c
t
M
l
w
i
t
i
e
w
e
c
a
s
g
c
s
s
r
i
a
t
d
(
i
w
o
i
n
o
R
F
Y
R
1
1
1
1
1
1
1
1
1
1
1872 Guerci JACC Vol. 49, No. 18, 2007
Editorial Comment May 8, 2007:1871–3alcium score ROC curve area (0.76  0.02) and the risk
actor ROC curve area (0.61  0.03) probably both under-
tate their association with mortality. The gap between the
wo curve areas is so wide as to make its elimination by
irect measurement of risk factors unlikely. This assertion is
upported by another important observation: the calcium score
redicted all-cause mortality more accurately than age (p 
.001). The investigators could reinforce the conclusion that
he calcium score predicted mortality more accurately than risk
actors by separate analyses of the relationship between self-
eported and measured cholesterol (the latter being available in
1,275 of the 25,253 subjects) and mortality. If measured and
elf-reported cholesterol levels are similarly associated with
ll-cause mortality, the argument against self-reported risk
actors is profoundly weakened.
Finally, the investigators assert that the results of their
tudy are generalizable. This is the weakest conclusion of
heir study. It is based on allegedly similar mortality at 5
ears in the present cohort and a previously reported cohort
f 10,377 asymptomatic middle-age adults from Tennessee
2). Although this may be the case, it is not apparent to the
aked eye. The survival curves suggest mortality rates about
0% lower in California at 4 years, and, for persons with
alcium scores of 400 to 1,000, survival in California was
etter at 12 years than survival in Tennessee at 5 years (see
ig. 2, table at bottom). Perhaps, as Pittsburgh Pirate
hortstop Dale Berra said of his father, Yankee legend Yogi
erra, “Our similarities are different” (11). The Tennessee
ohort had an even higher prevalence of CAD risk factors
han the present study, but was on average 3 years younger.
aybe, and despite their size, the study populations are not
arge enough to detect the net effect of these differences,
hatever it is. More importantly, the risk factor prevalences
ndicate that the referring doctors understood that screening
ests are best applied to persons at intermediate risk and/or,
n the case of a family history of premature CAD (a
uphemism for currently unknown genetic factors), persons
ith an otherwise unmeasurable determinant of CAD
vents.
A large and consistent body of evidence indicates that the
oronary calcium score is more closely associated with CAD
nd CAD events than standard risk factors. This includes 4
tudies of the severity and extent of CAD, defined angio-
raphically (12–15), 2 cross-sectional studies (acute myo-
ardial infarction and sudden death [16,17]), 5 retrospective
tudies with clinical outcomes (18–22), and 6 prospective
tudies with clinical outcomes (23–28). Although the ret-
ospective studies suffer from self-reported risk factors and,
n some cases, low rates of follow-up, the prospective studies
re not so limited. The present study is the second to show
hat the calcium score predicts all-cause mortality indepen-
ently of and/or more accurately than standard risk factors
2). There are no exceptions to this consistent record of
ncremental prognostic value of the coronary calcium score,
hich now comprises more than 300,000 patient years of
bservation. It is time to move on to the remainingmportant questions about calcified coronary plaque: prog-
ostic accuracy in minorities, the effect of screening on
utcomes, and cost-effectiveness.
eprint requests and correspondence: Dr. Alan D. Guerci, St.
rancis Hospital, 100 Port Washington Boulevard, Roslyn, New
ork 11576. E-mail: alan.guerci@chsli.org.
EFERENCES
1. Budoff MJ, Shaw LJ, Liu ST, et al. Long-term prognosis associated
with coronary calcification: observations from a registry of 25,253
patients. J Am Coll Cardiol 2007;49:1860–70.
2. Shaw LJ, Raggi P, Schisterman E, Berman D, Callister TQ. Prog-
nostic value of cardiac risk factors and coronary artery calcium
screening for all-cause mortality. Radiology 2003;228:826–33.
3. Emond M, Mock MB, Davis KB, et al. Long-term survival of
medically treated patients on the Coronary Artery Surgery Study
(CASS) registry. Circulation 1994;90:2645–57.
4. Cooper SA, Coupal L, Hu XP. Identifying adults at increased risk of
coronary disease. How well do the current cholesterol guidelines work?
JAMA 1995;274:801–6.
5. Folsom AR, Chambless LE, Ballantyne CM, et al. An assessment of
incremental coronary risk prediction using C-reactive protein and
other novel risk markers. The Atherosclerosis Risk in Communities
Study. Arch Inter Med 2006;166:1368–73.
6. American Heart Association. Heart Disease and Stroke Statistics—
2003 Update. Dallas, TX: American Heart Association, 2003.
7. Daviglus ML, Stamler J, Pirzada A, et al. Favorable cardiovascular risk
profile in young women and long-term risk of cardiovascular and
all-cause mortality. JAMA 2004;292:1588–92.
8. Paganini-Hill A, Ross RK. Reliability of recall of drug usage and other
health related information. Am J Epidemiol 1982:116:114–22.
9. Colditz GA, Martin P, Stampfer MJ, et al. Validation of questionnaire
information on risk factors and disease outcomes in a prospective
cohort study of women. Am J Epidemiol 1986;123:894–900.
0. Grundy S. The changing face of cardiovascular risk. J Am Coll Cardiol
2005;46:173–5.
1. The Baseball Almanac. Yogi Berra quotes. Available at: http://
www.baseball-almanac.com/quotes/quoberra.shtml. Accessed March
29, 2007.
2. Kennedy J, Shavelle R, Wang S, Budoff M, Detrano RC. Coronary
calcium and standard risk factors in symptomatic patients referred for
coronary angiography. Am Heart J 1998;135:696–702.
3. Guerci AD, Spadaro LA, Goodman KJ, et al. Comparison of electron
beam CT scanning and conventional risk factor assessment for the
prediction of angiographic coronary artery disease. J Am Coll Cardiol
1998;32:673–9.
4. Schmermund A, Denktas AE, Rumberger JA, et al. Independent and
incremental value of coronary artery calcium for predicting the extent
of angiographic coronary artery disease. J Am Coll Cardiol 1999;34:
777–86.
5. Brown BG, Morse J, Zhao XQ, Cheung M, Marino E, Albers JJ.
Electron-beam tomography coronary calcium scores are superior to
Framingham risk variables for predicting the measured proximal
stenosis burden. Am J Cardiol 2001;88 Suppl:23E–6E.
6. Vliegenthart R, Oudkerk M, Song B, van der Kuip DAM, Hofman A,
Witteman JCM. Coronary calcification detected by electron-beam
computed tomography and myocardial infarction. The Rotterdam
Coronary Calcification Study. Eur Heart J 2002;23:1596–603.
7. Pohle K, Ropers D, Maffert R, et al. Coronary calcifications in
young patients with first unheralded myocardial infarction: a risk
factor matched analysis by electron beam tomography. Heart
2003;89:625–8.
8. Raggi P, Callister TQ, Cooil B, et al. Identification of patients
at increased risk of first unheralded acute myocardial infarction
by electron beam computed tomography. Circulation 2000;101:
850–5.
9. Arad, Y, Spadaro L, Goodman K, et al. Prediction of coronary events
with electron beam computed tomography. J Am Coll Cardiol
2000;36:1253–60.
22
2
2
2
2
2
2
2
1873JACC Vol. 49, No. 18, 2007 Guerci
May 8, 2007:1871–3 Editorial Comment0. Wong ND, Hsu JC, Detrano RC, Diamond G, Eisenberg H, Gardin
JM. Coronary artery calcium evaluation by electron beam computed
tomography and its relation to new cardiovascular events. Am J
Cardiol 2000;86:495–8.
1. Kondos GT, Hoff JA, Sevrukov A, et al. Electron beam tomography
coronary artery calcium and cardiac events. A 37-month follow-up of
5635 initially asymptomatic low-to intermediate-risk adults. Circula-
tion 2003;107:2571–6.
2. LaMonte MJ, Fitzgerald SJ, Church TS, et al. Coronary calcium score
and coronary heart disease events in a large cohort of asymptomatic
men and women. Am J Epidemiol 2005;162:421–9.
3. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC.
Coronary artery calcium score combined with Framingham score
for risk prediction in asymptomatic individuals. JAMA 2004;291:
210–5.
4. Arad Y, Goodman K, Roth M, Newstein D, Guerci AD. Coronary
calcification, coronary disease risk factors, C-reactive protein, andatherosclerotic cardiovascular disease events. The St. Francis Heart
Study. J Am Coll Cardiol 2005;46:158–65.
5. Vliegenthart R, Oudkerk M, Hofman A, et al. Coronary calcification
improves cardiovascular risk prediction in the elderly. Circulation
2005;112:572–7.
6. Taylor AJ, Bindeman J, Fuerstein I, Cao F, Brazaitis M, O’Malley
PG. Coronary calcium independently predicts incident premature
coronary heart disease over measured cardiovascular risk factors: mean
three-year outcomes in the Prospective Army Coronary Calcium
(PACC) project. J Am Coll Cardiol 2005;46:807–14.
7. Becker A, Knez A, Becker C, et al. Pradiktion kardiovaskularer
ereignisse durch koronarkalbestimmung mit der mehrzeilen computer-
tomographie. Deutsch Med Wochenschr 2005;130:2433–8.
8. Anand DV, Lim E, Hopkins D, et al. Risk stratification in uncom-
plicated type 2 diabetes: prospective evaluation of the combined use of
coronary artery calcium imaging and selective myocardial perfusion
scintigraphy. Eur Heart J 2006;27:713–21.
